12/13/02 FRI 12:14 FAX 515 334 6883 PIONEER HI-BRED DSM 13 Oil 



09/490,884 

REMARKS 

Claims 44, 45, 46. 50, and 51 have been cancelled. Claims 1-43 and 47-*9 are 
now pending in the application. Claims 3, 4, 11. 12, 13, 14, 17, 18, 19, 20, 22, 23, 30, 
31, 32, 33, 36, 40, 41, 42, 43, 47, 48, and 49 have been amended. No new matter has 
been added by amendment. Reexamination and reconsideration of the claims as 
amended are respectfully requested. 

Claim Objections 

2. The objection to claims 1, 21, 37, and 40 were withdrawn in light of the claim 
amendments that deleted the blank and added the ATCC accession number. For the file 
record a copy of the ATCC deposit slip for PH51 H is included in the current response. 

Claim Rejections Under Double Patenting 

8. The Examiner rejects claims 14. 17, 33, 36, 41 , 43, 45, and 46 under the 
judicially created doctrine of obviousness-type double patenting as being unpatentable 
over claims 1-26 of U.S. Patent No. 6,188,001 for the reasons of record. Applicant 
again traverses the rejection. 

Claims 45 and 46 have been cancelled. Claims 17, 33, 36, 41, and 43 have 
been amended. Claims 36, 41 , and 43 are now limited to PH51 H-progeny that have 
been produced through one out cross. Claims 17 and 33 are limited to PH51 H-progeny 
that are within a pedigree distance of two or less crosses from PH51H. 

The Examiner states that, The instantly claimed plants that are derived from 
crosses and breeding programs are not patentably distinct from the patented plants that 
are derived from crosses and breeding programs involving PH1W0, as they can express 
traits that are also expressed by the patented plants. " Applicant respectfully disagrees 
with the Examiner. Applicant submits that PH51H is clearly differentiated from PH1W0. 
One would not be able to obtain PH51H through the modification of the maize inbred 
taught in patent 6,188,001 because PH51H comprises a unique and nonobvious 
combination of previously unknown and nonobvious genetics. Further, plants derived 
from PH51H are also clearly differentiated. The corn genome contains enormous 
complexity, and it is not possible that the claimed plants derived from PH51H could have 
been produced without the use of PH51 H. In particular, PH1 W0 could not be substituted 
as the starting material to produce the claimed plants derived from PH51H. The 
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genetics of PH51H comprise linkage groups and polymorphisms unique to PH51H r and 
it would be impossible to completely remove the contribution of PH51H to its progeny 

within one breeding cycle, ' 

In light of the above. Applicant respectfully requests that the Examiner reconsider 
and withdraw the rejection to claims 1-49 due to double patenting or provide some clear 
evidence to establish why PH51H would be obvious over PH1W0. See In re Kaplan, 
789 F. 2d 1580,229 U.SP.Q. 683. 

Claim Rejections - 35 USC § 112, second paragraph 

9. The Examiner rejects claims 3, 5, 14, 22, 33, 40-46, 50, and 51 under 35 USC § 
112, second paragraph, as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which applicant regards as the invention. 

The Examiner rejects daims 3 and 22 because of the recitation of "wherein the 
plant is male sterile." The Applicant traverses the rejection but has amended the claims 
for clarification purposes and to expedite prosecution. Claims 50 and 51 have been 
cancelled. Claim 3 has been amended by replacing "male sterile" with "detasseled" as 
suggested by the Examiner. The Examiner suggests that a new claim be directed 
towards a method of producing a male sterile maize plant comprising transforming the 
maize plant of claim 2 with a nucleic acid that confers male sterility, and another claim 
directed towards the male sterile plant produced by the method of transforming. Claim 
22 has been amended and now reads, The maize plant of claim 2, wherein genes 
controlling male sterility have been transferred into said maize plant through crossing 
that utilizes PH51H as a recurrent parent and wherein said plant has essentially the 
same morphology and physiology of inbred line PH51H other than the trait of male 
sterility." Starting on page 1, line 34 and going through line 14 of page 3 of the 
specification it states that various genes, nuclear and cytoplasmic, have been used to 
control sterility in maize plants. In the specification on page 4, lines 7-19, it states, 
"Backcrossing can be used to transfer a specific desirable trait from one inbred or source 
to an inbred that lacks that trait. This can be accomplished, for example, by first 
crossing a superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), 
that carries the appropriate gene(s) for the trait in question. The progeny of this cross is 
then mated back to the superior recurrent parent followed by selection in the resultant 
progeny for the desired trait to be transferred from the non-recurrent parent." A hybrid 
developed from inbreds containing the transferred gene(s) is essentially the same as a 
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hybrid developed from the same inbreds without the transferred gene(s)." The technique 
of backcrossing male sterility genes into an inbred maize plant is well known and well 
understood to one of ordinary skill in the art. The technique has been successfully used 
since the 1950's (see pages 585-586 of Wych, 1988, included in the information 
disclosure statement). The amendments contain no new matter. The Applicant 
requests reexamination and reconsideration of the claims as amended. 

The Examiner rejects claims 5 and 24 because there is no antecedent basis for 
"protoplasts". The Applicant has amended claims 4 and 23. The claims now read, " A 
tissue culture of regenerate cells or protoplasts from the plant of claim 2 {21}.* Thus 
the term "protoplasts" in claims 5 and 24 that depend from claims 4 and 23 respectively, 
has proper antecedent basis. The amendments place the claims in condition for 
allowance. 

The Examiner rejects claim 40 as being indefinite because of the recitation of 
'comprising" and suggests the insertion of the terms *F1 hybrid" be inserted. Claim 40 
has been amended to specify the first generation (F1) plant. Dependent claim 40 has 
also been amended to reflect the change in claim 40. 



Claim Rejections - 35 USC § 112, first paragraph 

10. The Examiner rejects claims 9-20 and 28-49 under 35 USC § 112, first 
paragraph, as containing subject matter which was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the inventor, at 
the time of the application was filed, had possession of the claimed invention. Applicant 
traverses the rejection. 

The Examiner rejects claims 9, 10 t 28, and 29 that are directed to F1 hybrids 
produced with PH51H as a parent. Applicant notes that a claim to the F1 hybrid made 
with a deposited inbred was expressly acknowledged without reservation by the United 
States Supreme Court In J.E.M. Ag. Supply, Inc. v. Pioneer Hi-Bred Intl, Inc., 60 USPQ 
2d 1865,1873 (S.Ct. 2001), when the Supreme Court wrote, tt ..,a utility patent on an 
inbred plant line protects the line as well as all hybrids produced by crossing that inbred 
with another plant line." 

Furthermore, one of ordinary skill in the art would know if they were using or one 
could easily identify if they were using PH51H. All F1 plants would have essentially the 
same genetic markers as the deposited PH51H. )t is well known to anyone skilled in the 
art that a hybrid has a genome with one set of the alleles from each inbred. Therefore 
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the genetic profile exhibited in the deposit would be exhibited in the hybrid. As stated in 
the specification on page 15, lines 1-16, there are many laboratory-based techniques 
available for the analysis comparison and characterization of plant genotype such as 
Restriction Length Polymorphisms (RFLPs) and Simple Sequence Repeats (SSRs). 
Such techniques have been known for some time and may be used to identify whether 
or not PH51H was used to develop a hybrid. Applicant also submits to the Examiner the 
journal article by Beny et al. (2002). This article discusses the probability of identifying 
the parents of the hybrid by SSR data when neither parent is known, A copy of article by 
Berry et al. is attached to this Amendment and Request for Reconsideration as Appendix 
a The results of the experiment showed that using 100 SSR loci markers resulted in 
correct parental ranking of inbreds for 53 out of 54 hybrids. Applicant also points out 
that any breeder of ordinary skill in the art will know the identity of both parents used to 
produce a hybrid. 

The Examiner broadly rejects product claims encompassing any modification of 
PH51H. no matter how minor the modification or routine the modification is for a breeder 
of ordinary skill in the art to make. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10.000 to 20,000 lines are 
created and screened in order to develop any maize inbred line for which an Applicant 
files a patent application. Once developed, the inbred line is useful for two purposes: (1) 
to make commercial hybrids, and (2) as a source of breeding material for the 
development of new inbreds that retain its desired characteristics. A breeder desiring to 
make a line with similar traits to PH51H would be greatly advantaged by being able to 
use PH51H as starting material. This is because the linked genes arranged through 
Applicant's breeding efforts, and fixed in PH51H, can be maintained in the progeny of 
PH51 H by a breeder of ordinary skill in the art. For example, if a breeder of ordinary skill 
in the art desired an early maturity version of PH51H, the breeder could cross PH51H to 
an earlier maturing variety, select for progeny with at least two desired PH51H traits that 
also express early maturity, and continue selecting for the traits of PH51H combined with 
early maturity. Optionally, the breeder could backcross to PH51H to obtain further 
genetic contribution from PH51H. The end result is the development of an inbred line 
with substantially all of the benefit of Applicant's work but with only a fraction of the 
effort. 
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Specifically, in rejecting the claims for lack of written description, the Examiner 
states, "the specification does not describe the plants produced by the corn breeding 
programs, transgenic PH51H plants, PH51H plants comprising single gene 
conversion(s), or by crosses wherein at least one ancestor is the corn variety PH51H, 
other than PH51H/PH1W2. The morphological and physiological traits of the corn plants 
that are crossed with PH51H, and with progeny of that cross r are unknown, and the 
description of progeny and descendents of corn plant PH51H are unknown. The 
description of corn plant PH51H is not indicative of the description of plants and seed 
produced by the breeding programs and crosses, or any of its descendents. The claimed 
invention also encompasses plants that express at least two 'PH51H traits' listed in 
claims 14, 33, and 46. However, to say that a plant expresses two traits of another plant 
is not sufficient information to describe that plant, as numerous corn plants express at 
least two of the same traits as those expressed by PH51H. Two plant traits do not 
provide any description of the other traits of a plant. It is possible that the claimed plants 
inherited the genes governing those traits from an ancestor other than plant PH51H. For, 
example, Piper (U.S. Patent No. 6,188,001) describes a corn plant, designated 'PH1W0/ 
which has at least two traits in common with PH51H, a relative maturity and adaptation 
to the Northcentral region traits, for example (col. 10, lines 50-62). The instantly 
claimed corn plants could have PH1W0 as an ancestor, as well as PH51H, in which the 
relative maturity rating and adaptation to the Northcentral region traits, for example, 
could have been inherited from PH1W0. The claims also encompass plants that do not 
have to express any of the traits that are expressed by PH51H." 

Applicant notes that Examiner's comments a change of patent office policy. In 
numerous previous cases involving the protection of germplasm and progeny claims, 
including cases allowed after the recently adopted written description guidelines, the 
listing of traits was previously required by the patent office as a way to meet the written 
description requirement with respect to progeny. One reason for using traits as a means 
of description is because it was, and still is, technologically impossible to sequence the 
entire genome of a specific variety. 

This situation is somewhat analagous to Ex Parte Tanksley, 37 USPQ2d. 1382. 
In that case the Examiner desired that Tanksley claim according to sequence data to 
"better characterize the cDNA clones* and "facilitate a complete search of the prior art" 
and issued a 112 first paragraph written description rejection. The Board held that "the 
section 1 12 rejection amounts to a requirement... that the appellants amend their claims 
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in a specified manner... We find no language in the statute or case law which would 
support that requirement." The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that "In our judgement, a patent 
applicant is entitled to a reasonable degree of latitude in complying with the second 
paragraph of 35 U.S.C. 112 and the examiner may not dictate the literal terms of the 
claims for the stated purpose of facilitating a search of the prior art. Stated another way, 
a patent applicant must comply with 35 U.S.C. 112, second paragraph, but just how the 
applicant does so, within reason, is within applicant's discretion." Id. at 1386. 

Applicant has amended claims 17 and 33 to limit the progeny covered to those 
within a pedigree distance of two crosses away from PH51H. Claims 36 and 41 are 
limited to one cross away from PH51H. Within the plant breeding arts breeders use 
pedigree as a means to characterize lines in reference to their progenitors. To those of 
ordinary skill in the art, this indicates that a line fewer crosses away from a starting line 
will be, as a whole, more highly related to the starting line. Thus, the work of the original 
breeder in developing the starting line will be retained in the closely related progeny. 
More specifically, traits and linkage groups present in PH51H will be retained in progeny 
that are within 2 outcrosses from PH51 H. Applicant submits that characterization of the 
progeny of PH51H by virtue of their filial relationship is clearly within reason. Not only 
are filial descriptions used by breeders to evaluate materials for use in their breeding 
programs, but it is standard practice within the plant breeding industry for licensor's of 
inbred maize lines to retain a royalty from lines developed through the use of their 
inbreds. Those royalties are, in almost all cases, based on the filial relationship between 
the licensed inbred used in breeding and the progeny line commercialized. This 
provides evidence that those of ordinary skill in the art of plant breeding describe 
progeny In terms of pedigree. 

Applicant also notes that the mere fact that the progeny have not been created 
does not prevent them from being patented. As stated in MPEP 2163 (3) (a), "An 
invention may be complete and ready for patenting before it has actually been reduced 
to practice." As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all its 
limitations using such descriptive means as words, structures, figures, diagrams, and 
formulas that fully set forth the claimed invention. Possession may be shown in a variety 
of ways, including... by describing distinguishing identifying characteristics sufficient to 
show that the applicant was in possession of the claimed invention." 1255 Official 
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Gazette 140 (Feb. 5, 2002). Pedigree, which is a formula used by plant breeders, is a 
distinguishing identifying characteristic in compliance with the written description 
guidelines. Further, the Examiner must evaluate written description by the claimed 
invention with all of its limitations, including the limitation of being derived from PH51H. 

PH51 H-derived progeny are described by the fact that PH51H is utilized in a 
breeding program to make the PH51 H-derived progeny, PH51H gives genetic 
contribution to the PH51 H-derived progeny, and the genetics of PH51H are described by 
ATCC deposit of PH51 H seed. By limiting the progeny to 2 or less crosses away from 
PH51H, the Examiner's concern that the progeny may be only distantly related to 
PH51H is addressed- In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the 
Federal Circuit, 63 USPQ 2d 1609, the court reversed its prior decision regarding the 
insufficiency of the deposited genetic probes to meet the written description requirement. 
In so holding, the court stated, " As the deposited sequences are about 850 f 8500, and 
1300 nucleotides long, .... there are at least hundreds of subsequences of the deposited 
sequences, an unknown number of which might also meet the claimed hybridization 
ratio. Moreover, Enzo's expert, Dr. Wetmur, stated that 'astronomical' numbers of 
mutated variations of the deposited sequence also fall within the scope of those claims, 
and that such broad claim scope is necessary to adequately protect Enzo's invention 
from copyists who could otherwise make minor change to the sequence and thereby 
avoid infringement while still exploiting the benefits of Enzo's invention. The defendants 
assert that such breadth is fatal to the adequacy of the written description. On the other 
hand, because the deposited sequences are described by virtue of a reference to their 
having been deposited, it may well be that various subsequences, mutations, and 
mixtures of those sequences are also described to one of skill in the art. We regard that 
question as an issue of fact...." 

The issue of whether the progeny as now claimed satisfies the written description 
requirement is also an issue of fact One of ordinary skill in the art would know if PH51H 
were utilized in a breeding program by looking at the breeding records and therefore 
would know if a progeny were derived from PH51H. PH51H is a unique inbred, as 
evidenced by the morphological and physiological traits given In Table 1, pages 17-19, 
of the application. Routinely used molecular techniques, discussed on page 15, lines 1- 
16 of the application, can be used to verify whether PH51H is within the pedigree of a 
line. 
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Applicant would also like to emphasize that PH51H cannot be derived through 
any other means then through PH51H seed and plant, nor can the influence of PH51H 
on the progeny be removed from a line within 2 outcrosses of PH51H. This fact also 
highlights the different perspective between the Examiner and the Applicant regarding 
the scope of the claims. The Examiner believes the claims to progeny to be of great 
breadth. However, to view these claims as being of great breadth merely because a 
large number of plants could theoretically fall within its scope ignores an essential 
limitation of the claim; that only a plant developed through the use of PH51 H is within the 
scope of the claim. Such a plant could not be independently derived without the use of 
PH51H, so the claim would not in any way restrict the work of a breeder that did not in 
fact use PH51H. A breeder infringing such a claim must have made a conscious choice 
to use PH51H in order to obtain some or all of PH51H's desired characteristics. 
Compliance with the written description requirement is essentially a fact based inquiry 
that will "necessarily vary depending on the nature of the invention claimed " Vas-Cath 
v. Mahurkar, 935 F. 2d 1555 (citing In re DiLeone, 436 F2d. 1404, 1405). Thus, the 
compliance with the written description requirement must be judged in view of this 
limited scope of the progeny claims. As amended, the claims are drawn to only a limited 
scope of progeny, progeny which but for Applicant's creation of PH51 H could never have 
existed. This is in harmony with the statement in section 2163 of the MPEP that "the 
written description requirement promotes the progress of the useful arts by ensuring 
inventions are adequately described in the specification in exchange for the right to 
exclude," That quid pro quo of patent law has been met by the Applicant in the present 
case, and to use written description to deny adequate patent protection would be 
contrary to the stated purpose of the written description requirement. 

The Examiner goes on to reject claims to PH51H plants further containing 
transgenes and single gene conversions under 35 U.S.C.1 12, first paragraph. Applicant 
notes examples of traits and single gene conversions are given in the specification on 
page 20 lines 16-25 and page 22, line 18 through page 32, line 4. Even if more than one 
trait is affected by the transgene, the genetics of PH51H will be only minimally affected. 
The Examiner must consider at! limitations of the claimed invention. While the Examiner 
is focusing on traits, the Applicant points out that she is not claiming so broadly as to 
claim any maize plant, regardless of source, comprising those traits. Applicant is 
claiming PH51H, or a limited set of plants derived there from, that retain significant 
features of PH51H. Applicant has made an enabling deposit of PH51H with the ATCC t 
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and Applicant is seeking a fair scope of protection as the quid pro quo for the teaching in 
the specification and the deposit of the material. The insertion of one or a few genes 
into a genome that is estimated to have over 50,000 to 80,000 genes (Xiaowu, Gai et a!., 
Nucleic Acids Research, 2000, Vol. 28, No. 1, 94-96) is a minor change to PH51H and 
will not prevent one of skill in the art from identifying the plant as PH51H. In addition, to 
expedite prosecution, Applicant has amended claims 11 and 30. Claim 11 now reads, 
"The maize plant, or parts thereof, of claim 2, wherein the plant or parts thereof have 
been transformed so that its genetic material contains one or more transgenes that 
confer a qualitative trait." Qualitative traits, as described in an introductory plant 
breeding book, are traits that "have phenotypes that can be divided into discrete 
classes... They are controlled by one or a few major genes whose expression is not 
influenced markedly by the environment" {Fehr, w. ( Principles of Cultivar Development, 
vol. 1, 1987, page 26). Claim 30 now reads, "The maize plant, or parts thereof, of claim 
2, wherein the plant or parts thereof, further comprise one or more transgenes, and 
wherein the morphology and physiology of the maize plant comprising the transgene is 
substantially the same as inbred maize line PH51H," The Examiner has suggested that 
claims 11 and 30 be amended to list the types of transgenes contemplated in the 
specification, for example disease or pest resistance genes, provided the prior art 
teaches those isolated genes. The Applicant believes that an amendment as suggested 
by the Examiner is limiting the scope to which the Applicant is entitled. Examples of 
transgenes arcs given in the specification. The Examiner states that, "Transgenes may 
also be of any gene, including those that effect more than one trait The morphological 
and physiological characteristics of any such plant are not described. For example, a 
transgene that is a transcription factor can effect more than just one gene, and multiple 
traits. Such plants would express different morphological and physiological traits from 
PH51H, which are not described/ Applicant points out that the molecular profile of such 
a plant would be substantially unchanged therefore one would be able to identify such a 
plant. Applicant amends with traverse in order to expedite allowance. 

The Examiner rejects claims 12, 13, 31, and 32. Claims 12 and 31 are drawn to 
the method of crossing a PH51H plant containing a transgene with another plant. 
Claims 13 and 32 are to the plant made from the method. The claims have been 
amended for clarification purposes. Applicant points out that the methods are fully 
described. Furthermore, one of ordinary skill in the art would know if they were using or 
one could easily identify if they were using PH51H or PH51H further containing a 
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transgene to develop a hybrid- All F1 plants would comprise essentially the same 
genetic markers as the deposited PH51H, It is well known to anyone skilled in the art 
that a hybrid has a genome with one set of the alleles from each inbred. Therefore the 
genetic profile exhibited in the deposit would be exhibited in the hybrid. The plant of 
claim 13 would have the genetic profile of PH51H except at the site of integration of the 
transgene. The change of one to a few genes out of an estimated 50,000 to 80,000 
genes is a minor change and will not prevent one of ordinary skill in the art from 
identifying the plant as PH51H. One of ordinary skill in the art would also know how to 
cross PH51H containing a transgene with another plant to produce a hybrid. Thus, the 
Applicant has described the invention with sufficient specificity to enable others to make 
and use the invention. In light of the arguments and amendments, the Applicant 
requests that the Examiner withdraw his rejection to claims 12, 13, 31, and 32. 

The Examiner also rejects claims 37-39 under 35 USC § 112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as 
to reasonably convey to one skilled in the relevant art that the inventor, at the time of the 
application was filed, had possession of the claimed invention. Claims 37-39 are clearly 
directed to growing out an F(1) hybrid in which PH51H is a parent and searching for 
PH51H inbred seed. Due to the imperfect process of seed production parent seed can 
sometimes be contained in the hybrid seed bag. The claims merely claim the method of 
searching for inbred PH51H seed within a bag of hybrid seed. The method is also 
clearly described in the specification on page 5, line 21 through line 7 on page 6. The 
Applicant requests that the Examiner withdraw his rejection to claims 37-39. 

Lastly, The Examiner has rejected certain method claims under written 
description. Applicant points out that the methods are fully described, as is the starting 
material in the method, PH51H. One of ordinary skill in the art would know how to cross 
PH51H to develop an F1 hybrid and also how to self plants derived from crosses with 
PH51H for the purpose of developing an inbred plant. In Ex parte Parks, 30 USPQ 2d 
1234 (B.P.A.I. 1994), the Board of Appeals stated, "Adequate description under the first 
paragraph of 35 LLS.C. 112 does not require literal support for the claimed invention. 
Rather, it is sufficient if the originally-filed disclosure would have conveyed to one having 
ordinary skill in the art that an appellant had possession of the concept of what is 
claimed." In J-EM. Ag. Supply, the Supreme Court also acknowledged the value of a 
utility patent in protecting the use of the line in breeding, when it stated that, "...a 
breeder can use a plant that is protected by PVP certificate to 'develop' a new inbred line 
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while he cannot use a plant patented under §101 for such a purpose." Id. at 1873. In 
light of the amendments to the claims and the foregoing arguments the Applicant 
requests reconsideration of the rejection under the first paragraph of 35 U.S.C. 112. 

11. The Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in the specification in 
such a way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. Applicant traverses the rejection. 

The Examiner rejects claims 18-20 and 47-49 that directed to PH51H inbred 
maize plant further comprising one or more single gene conversions. Claims 18 and 47 
are directed to PH51H that contains a gene that has been transferred to PH51H through 
traditional breeding methods. The claims have been amended to expedite prosecution. 
Claim 18 now reads, "The maize plant, or parts thereof, of claim 2, further comprising 
one or more genes that confer a qualitative trait and have been transferred into said 
maize plant through breeding methods that utilize PH51H as a recurrent parent." Claim 
47 now reads, "The maize plant, or parts thereof, of claim 2, further comprising one or 
more genes that have been transferred into said maize plant by utilizing PH51H as a 
recurrent, parent and wherein the maize plant, or parts thereof, are essentially 
unchanged from inbred maize line PH51K" Claims 19-20 and 48-49 have been: - 
amended for clarification purposes. Once again the Applicant would like to point out that 
one of ordinary skill in the art would be able to detect a PH51H maize plant that contains 
genes that have been inserted through crossing. The genetics would be substantially 
the same as PH51H as would the morphological and physiological traits of PH51H. The 
Specification states, "A further embodiment of the invention is a single gene conversion 
or introgression of the maize plant disclosed herein in which the gene or genes of 
interest (encoding the desired trait) are introduced through traditional (non- 
transformation) breeding techniques, such as backcrossing (Hallauer et a/, 1988). w 

The Examiner has cited articles and states that they "teach that it is 
unpredictable whether the gene or genes responsible for conferring a phenotype in one 
plant genotypic background may be introgressed into the genetic background of a 
different plant, to confer a desired phenotype in said different plant/ The Examiner 
states that, "Hunsperger et al. teach that the introgession of a gene in one genetic 
background on any plant of the same species, as performed by sexual hybridization, is 
unpredictable in producing a single gene conversion plant with a desired trait (column 3, 
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lines 26-46). This is not what is taught by Hunsperger et al. Hunsperger et al. teaches 
that a gene that results in dwarfism of a petunia plant can be incorporated into other 
genetic backgrounds of the petunia species (See column 2, line 67 to column 3, lines 1- 
4). Hunsperger et al. merely discusses that the level of the expression of that gene 
differed in petunia plants of different genetic backgrounds. Hunsperger et al. succeeded 
in incorporating the gene into petunia plants of different genetic backgrounds. Therefore 
Hunsperger et al. demonstrate that one of ordinary skill in the art can use traditional 
breeding methods to obtain maize plants containing genes that confer a qualitative trait. 
The specification provides ample disclosure of starting materials such as maize inbred 
PH51H, a discussion of traditional breeding methods that may be used, and examples of 
transgenes and naturally occurring genes. Please note in Hallauer et al. (1988) on page 
472, submitted in the information disclosure statement it states that, "For single gene 
traits that are relatively easy to classify, the backcross method is effective and relatively 
easy to manage." 

The Examiner goes on to state that. "Kraft et al. teach that linkage disequilibrium 
effects and linkage drag prevent the making of plants comprising a single gene 
conversion; and that such effects are unpredictably genotypic specific and loci- 
dependent uv nature (page 323, column 1, lines 7-15)/ Applicant disagrees that the 
article states such points. Applicant assumes that the Examiner is trying to point out that 
one gene cannot be introduced into a plant using traditional breeding techniques such as 
backcrossing without also introducing closely linked genes into the plant. It is well 
understood in the relevant art that DNA surrounding the gene of the desired trait is 
introduced into the plant when traditional breeding techniques are utilized to insert a 
gene into a plant of interest. It is also understood in the art that introducing a gene into a 
plant variety such as PH51H is an insubstantial change to the variety. The World Seed 
Organization, on it's web site, writes, "The concept of an essentially derived variety was 
introduced into the 1991 Act of the UPOV Convention in order to avoid plagiarism 
through mutation, multiple back-crossing and to fill the gap between Plant Breeder's 
Rights and patents/ As determined by the UPOV Convention, essentially derived 
varieties may be obtained for example by the selection of a natural or induced mutant, or 
of a somaclonal variant, the selection of a variant individual from plants of the initial 
variety, backcrossing , or transformation by genetic engineering. The commercialization 
of an essentially derived variety needs the authorization of the owner on the rights 
vested in the initial variety." International Convention for the Protection of New Varieties 
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of Plants, as amended on March 19, 1991, Chapter V, Article 14. Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and the 
World Seed Organization web site is attached as Appendix C. 

An example of how one of ordinary skill in the art can transfer a gene conferring 
a qualitative trait into a variety through backcrossing is demonstrated by the fact that the 
commercial market now distributes a multitude of products produced in this manner. 
Such conversion lines are easily developed without undue experimentation. Poehlman 
et al. (1995) on page 334, submitted in the information disclosure statement, states that, 
"A backcross-derived inbred line fits into the same hybrid combination as the recurrent 
parent inbred line and contributes the effect of the additional gene added through the 
backcross." 

The Examiner goes on to state that, "Eshed et al. teach that in plants, epistatic 
genetic interactions from the various genetic components comprising contributions from 
different genomes may effect quantitative traits in genetically complex and less than 
additive fashion (page 1815. column 1. line 1 to page 1816, column 1. line 1). The 
Applicant would like to first point out on page 1816, column 1, lines 1-5 of the Eshed et 
al. article it states, "Recent studies that detected epistasis of selected QTL in Drosophila 
(Long et al. 1995). soybean (Lark et aL1995) and maize (Doebley etal.1995; Cockemam 
and Zeng 1996) did not show a less-than-additive trend." Emphasis added. Applicant 
also adds that transferring a qualitative trait does not require undue experimentation. 
Please note Hallauer et al. (1988) on page 472, submitted in the information disclosure 
statement, which states, "For single gene traits that are relatively easy to classify, the 
backcross method is effective and relatively easy to manage." As stated previously 
claims 18 and 47 have been amended to expedite prosecution. In claim 18, the genes 
transferred into PH51H are now limited to qualitative traits. Claim 47 is now limited to 
plants that are essentially unchanged from PH51H. Given the arguments and the 
amendments the Applicant requests reexamination and reconsideration of the claims. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20.000 lines are 
created and screened in order to develop any maize inbred line for which the Applicant 
files a patent application. Once developed, the inbred line is useful for two purposes: (1) 
to make commercial hybrids, and (2) as a source of breeding material for the 
development of new inbreds that retain the original inbred's desired characteristics. A 
breeder desiring to make a line with similar traits to PH51H would be greatly advantaged 
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by being able to use PH51H as starting material. This is because the linked genes 
arranged through Applicant's breeding efforts, and fixed in PH51H, can be maintained in 
the progeny of PH51H by a breeder of ordinary skill in the art. For example, if a breeder 
of ordinary skill in the art desired a waxy-kernel corn version of PH51H, the breeder 
could cross PH51 H to a waxy-kernel corn variety, select for progeny with the desirable 
traits of PH51H that also express the waxy kernel trait and continue selecting for the 
traits of PH51H combined with waxy kernels. Optionally, the breeder could backcross to 
PH51H to obtain further genetic contribution from PH51H. The end result is the 
development of an inbred line with substantially all of the benefit of Applicant's work but 
with only a fraction of the effort. 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 35 U.S.C. 
112. 

Claim Rejections under 35 U.S.C. § 102 and 103 

12. Examiner states that, "Claims 14, 17, 33, 36, 41. 43, 45, and 46 remain rejected 
under 35 U.S.C. 102(e) as anticipated by or in the. alternative, under 35 U.S.C, 103(a) as 
obvious over Piper (U.S. Patent No. 6,188,001). "/Applicant traverses the rejection. 

Applicant has cancelled claims 45 and: 46. .-. Applicant has amended claims 14, 
17, 33 r 36, 40, 41 , 42, and 43. Claims 36 and 41 are now one cross away from PH51H. 
Claim 41 clearly states that PH51H must be used to obtain a PH51H-progeny maize 
plant. Claim 42 has been amended so that it does not allow any further crosses away 
from PH51H. Thus claim 42 is the selfing of the plant derived by the one cross away 
from PH51H made in claim 40. Claim 43 has been amended for clarification purposes. 
These PH51H-progeny plants are limited to one cross away from PH51H and the 
progeny plants are limited by the use of PH51H in the initial cross. Applicant contends 
that progeny of PH51H could not be the same as PH1W0 or the progeny of PH1W0 
because PH51H is not PH1W0. One would not be able to obtain plants within one cross 
of PH51H through modification of the maize inbred PH1W0 taught in U.S. Patent No. 
6,188,001 because PH51H comprises a unique and nonobvious combination of 
genetics. As evidenced by past arguments and the declaration of Stephen Smith 
submitted as Appendix D. the claimed progeny plants of PH51H retain unique and 
nonobvious combinations of genetics derived from PH51H. Thus, they deserve to be 
considered new compositions in their own right. 
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In light of the above, Applicant respectfully requests that the Examiner reconsider 
and withdraw the rejection to claims 1-49 under 35 U.S.C. 102 (e) and 103(a). 

Cancellation of claims 44, 45, 46, 50 r and 51 and amendment of claims 3, 4, 1 1 p 
12, 13, 14, 17, 18, 19, 20, 22, 23. 30, 31, 32, 33, 36, 40, 41, 42, 43, 47, 48, 49 and 51 
does not in any way change the claim scope which the Applicant believes is allowable 
but is meant to hasten the issuance of the patent. 

CONCLUSION 

Attached hereto is a marked-up version of the changes made to the specification 
and claims by current amendment. The attached page is captioned "VERSION WITH 
MARKINGS TO SHOW CHANGES MADE *. 

Applicant submits that in light of the foregoing amendments and the remarks, the 
claims 1-43 and 47-49 are in condition for allowance. Reconsideration and early notice 
of allowability is respectfully requested. If it is felt that it would aid in prosecution, the 
Examiner is invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Respectfully submitted, 
Lori Lisa Carrigan 




Reg. No. 43,525 
Attorney for Applicant 



Steven Catlistein 

Pioneer Hi-Bred International 

7100 NW 62 nd Avenue 

P.O. box 1000 

Johnston, I A 50131-1000 

(515>-254-2823 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Claims 44, 45, 46, 50, and 51 have been cancelled. 

Claims 3, 4, 11, 12, 13, 14, 17, 18, 19, 20, 22, 23, 30, 31, 32, 33, 36, 40, 41, 42, 
43, 47, 48, and 49 have been amended as follows. 

3. (Twice Amended) The maize plant of claim 2, wherein said plant has been 
[manipulated to be male sterile] detasseled , 

4. (Amended) A tissue culture of regenerate cells or protoplasts from the plant 
of claim 2. 

11. (Amended)The maize plant, or parts thereof, of claim 2, wherein the plant or 
parts thereof have been transformed so that its genetic material contains one or 
more transgenes [operably linked to one or more regulatory elements] that confer 
a qualitative trait . 

12. (Amended) A method for producing a first generation (F1) hybrid maize plant 
that contains in its genetic material one or more transgenes, comprising crossing 
the maize plant of claim 1 1 with [either] a second plant [of another maize line, or 
a non-transformed maize plant of the line PH51H, so that the genetic material of 
the progeny that result from the cross contains the transgene(s) operably linked 
to a regulatory element]. 

13. (Amended) [Maize plants] The first generation (F1^ hybrid , or parts thereof, 
produced by the method of claim 12. 

14. (Twice Amended) A maize plant, or parts thereof, wherein at least one 
ancestor of said maize plant is the maize plant of claim 2, said maize plant 
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expressing a combination of at least two traits which are not significantly different 
from PH51H when determined at a 5% significance level and when grown in the 
same environmental conditions, said traits selected from the group consisting of: 
a maturity of 94-100 based on the Comparative Relative Maturity Rating System 
for harvest moisture of grain, female yield, scatter grain resistance, tassel size, 
pollen shed, hybrid yield, [drydown, heat and seasonal drought tolerance, late 
season plant health,] stalk lodging resistance, test weight, [grain quality,] plant 
height, and ear [placement] height [, standability. and adaptability to the 
Northwest, Northcentral, and Northeast regions of the United States, Northern 
and Central Europe and Canada]. 

17. (Amended) [A] The PH51H-progenv maize plant, or parts thereof, produced 
by the method of claim 15 . wherein th e method comprises 2 or less crosses to a 
nlant other than PH51H or a plant that has PH51H as a parent. 

18. (Amended) The maize plant[s]. or parts thereof, of claim 2, further comprising 
one or more [single gene conversions] genes that confer a qualitati ve trait and 
have been transferred into said maize plant throug h breeding methods that utilize 
PH51 H as a recurrent parent . 

19. (Amended) The [single gene conversion(s)] maize plgpt of claim 18, wherein 
[the gene] at least one of the genes is a dominant allele. 

20. (Amended) The [single gene conversion(s)] maize plant of claim 18, wherein 
[the gene] at least one nf the genes is a recessive allele. 

22. (Twice Amended)The maize plant of claim [21] 2, wherein [said plant has 
been manipulated to be male sterile] nenes controlling male sterility have been 
transferred into said maize plant through crossin g, that utilizes PH51 H as a 
recurrent parent, and wherein said pl ant has essentially the same morphology 
and phvsioloav of inbred line PH51 H other than the trait of mal e sterility. 
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23. (Amended) A tissue culture of regenerate cells or protoplasts from the plant 
of claim 21. 

30. (Amended) The maize plant, or parts thereof, of claim [21] 2, wherein the 
plant or parts thereof [have been transformed so that its genetic material contains 
one or more transgenes operably linked to one or more regulatory elements] 
further comprise one or more transaenes. and wherein the mor phology and 
physiology of the maize plant comprising the transoene is substantially the same 
as inbred maize line PH51H . 

31. (Amended) A method for producing a first generation (F1) make plant [that 
contains in its genetic material one or more transgenes,] comprising crossing the 
maize plant of claim 30 with [either] a second plant [of another maize line, or a 
non-transformed maize plant of the line PH51H, so that the genetic material of 
the progeny that result from the cross contains the transgene(s) operably linked 
to a regulatory element]. 

32. (Amended) [Maize plants] The first generation maize plant , or parts 
thereof, produced by the method of claim 31. 

33. (Twice Amended) A maize plant, or parts thereof, wherein at least one 
ancestor of said maize plant is the maize plant of claim [21] 2, [said maize plant 
expressing a combination of at least two traits which are not significantly different 
from PH51H when determined at a 5% significance level and when grown in the 
same environmental conditions, said traits selected from the group consisting of: 
a maturity of 94-100 based on the Comparative Relative Maturity Rating System 
for harvest moisture of grain, female yield, scatter grain resistance, tassel size, 
pollen shed, hybrid yield drydown, heat and seasonal drought tolerance, late 
season plant health, stalk lodging resistance, test weight, grain quality, plant 
height, ear placement, standability, and adaptability to the Northwest, 

23 

Received frofn < 515 3M 6883 > at 12)13/02 12:12:53 PM [Eastern Standard Time] 



• 

12/13/02 FRI 12:20 FAX 515 334 6883 



PIONEER HI -BRED DSM 



(2)029 



09/490,884 

Northcentral, and Northeast regions of the United States, Northern and Central 
Europe and Canada] and wherein the pedigre e of said PH51H-progeny maize 
plant is within 2 or less crosses to a plant other than PH51 H or a plant that has 
PH51H as a parent . 

36. (Amended) [A] The maize plant, or parts thereof, produced by the method of 
claim 34 wherein the method comprises no more than one cross to a plant other 
than PH51 H or a plant that has PH51H as a parent . 

40. (Twice Amended) A method for producing a first generation (F1) PH51H- 
[derived] progeny maize plant, comprising: 

(a) crossing inbred maize line PH51H, representative seed of said 
line having been deposited under ATCC Accession No. PTA-4261 , 
with a second maize plant to yield progeny maize seed; 

(b) growing said progeny maize seed, under plant growth 
conditions, to yield said first generation (F1) PH51H-[derived] 
progeny maize plant. 

41. (Thrice Amended) A first generation (Flj PH51H-[derived] orogeny maize 
plant or parts thereof, produced by the method of claim 40. 

42. (Twice Amended) The method of claim 40, further comprising: 

[(c) crossing said PH51 H-derived maize plant with 

itself or another maize plant to yield additional PH51 H-derived 
progeny maize seed; 

(d) growing said progeny maize seed of step (c) under plant growth 
conditions, to yield additional PH51 H-derived maize plants; 

(e) repeating the crossing and growing steps of (c) and (d) from 1 
to 4 times to generate further PH51 H-derived maize plants] 
selfing said first generation (F1 ) PH51H-prooenv maize plant for 
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successive filial generations to generate a PH51H inbred 
progeny maize plant . 

43. (Twice Amended) The [further PH51 H-derived] PH51H inbred progeny 
maize plant, or parts thereof, produced by the method of claim 42. 

47. (Amended) The maize plant[s], or parts thereof, of claim [21] 2, further 
comprising one or more [single gene conversions] genes that have been 
transferred into said maize plant bv utilizing PH51H as a recurrent p arent and 
wherein the maize plant, or parts thereof, are essentially unchanged from inbred 
maize line PH51H . 

48. (Amended) The [single gene conversion(s)] maize plant of claim 47, wherein 
at least one of the [gene] genes is a dominant allele. 

49. (Amended) The [single gene conversion(s)] maize plant of claim 47, wherein 
at least one of the [gene] genes is a recessive allele. 
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ABSTRACT 

Determination of parentage i* Fundamental to the study of biology and to application* such as the 
identification of pedigrees. Limitations to studies of parentage have stemmed from the use of an insufficient 
number of hype nan able loci and mismatches of alleles that can be caused by mutation or by laboratory 
error and that can generate false exclusions. Furthermore, mpsi studies of parentage have been limited 
to comparison* of small number* of specific parent-progeny triplets thereby precluding large-scale surveys 
of candidates where there may be no prior knowledge of parencagc. We present an algorithm that can 
determine probability of parentage in circumstances where there is no prior knowledge of pedigree and 
that is robust in the face of missing data or mistyped data. We present data from 54 maize hybrids and 
5S6 maiie inbreds that were profiled using 195 SSR loci including simulations of additional levels of 
missing and mistyped data to demonstrate the utility and flexibility of this algorithm. 



DETERMINATION of parentage is fundamental 10 
the study of reproductive and behavioral biology, 
The increasing availability of highly discriminant ge- 
netic markers for many diverse species provides the 
potential to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parentage where 
genealogical relationships are unknown, in error, or in 
dispute. 

Identification of parent-progeny relationships in wild 
populations of animals and planes provides insights into 
the success of various reproductive strategics (Ell- 
strano 1984; S.MOuse and Meagher 1994; Aldersqn 
et al 1999) and has allowed for the implementation 
of management programs to conserve genetic diversity 
(Miller 1975; Rannala and Mountain 199"). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and plants allows 
parents that have contributed favorable alleles for desir- 
able traits through selective breeding programs to be 
identified (Bowers and Meredith 1997; Sefc et al. 
1998; Van kan and Faddy 1999). These applicaoons of 
associative genetics facilitate further progress in genetic 
improvement through breeding. Establishment of par- 
entage is also useful to secure legal rights of guardian- 
ship in humans, to help protect intellectual properry in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect stocks of fish , and to identify 
provenance of meat that is available in supermarkets 
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(Corz and Thaller 199S; Primmer et ai 2000; Wkit£ 
et ai 2000). 

Most studies of pedigree have utilized exclusion analy- 
sis where the molecular marker genotypes of cither one 
or a restricted number of potential triplets of offspring 
and putative parents are compared. Often the identity 
of the mother is not in question: the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared with candidate father 
genotypes (Ellstrand 19S4: Hamrjck and Schnabel 
1985). Individuals who could not have contributed the 
paternal genotype are excluded: the remainder are pos- 
sible parents. Nonpaternity in humans is generally de- 
clared only on the basis of exclusions exhibited by at 
least two unlinked and independent loci. This criterion 
of exclusion reduces the livelihood of a false declaration 
of nonpaternity on the basis of marker results that are 
actually due to mutation within the phylogeny. Bein et 
ai (1993) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare nonpaternity in humans has also 
been instituted (Guns et ai 1997). In studies of natural 
populations of animals or plants where numerous par- 
ent-progeny tripleLs are examined it is usual to accept 
a single exclusionary event as evidence of nonpaternity 
(Marshall et aL 199S). Paternity testing has been ex- 
[ended to situations where DNA from cither parent is 
unavailable. For example, paternity can still be estab- 
lished in circumstances wh ere the putative father is de- 
ceased but his parents are still alive (Hk.I.mtnkn el 
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l'MH: BlIf.KH. tfl ft(. l^>"iJ Chakkahokty ft (t(. (l^M) 
demonstrate thai |juu-iiiu\ citi he determined in cases 
where the mother is unavailable tor tcati I'lg- La no at 
ni (I'jy^J partially iwn^ritcxri die DNA profile of a 
missing crocodile parent using profile* of the mother 
and progeny. 

Chakraborty *t ( L^SK) and Smousk. and Mkachkk 
(19U4) report that reliance upon exclusion alone lias 
luuallv failed to unambiguously resolve paternity. Limi- 
tation.! have stemmed from the use of an insufficient 
number of independent hypervuxiable loci- Other ; statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each nonexctuded male 
(Berry and Geisser 1986; Meagher 1986; Mocker 
and Thompson 1986; Thompson and Me AC her 19S7; 
Devlin a al. 198S; Berry 1991). Marshall etal (1998) 
draw attention to the quality of data that is encountered 
practically in genorypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some* candidate males, data may be missing For some 
loci in some individuals, null allele* e*ist, and typing 
errors occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phylogenies can reveal appar- 
ent exclusions that masquerade as non-Mendelian in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior to compledon of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that arc subsequently lost through in- 
breeding in the parent can still become fixed in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcrossing/ Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there arc numerous (and often very similar) 
pedigrees- The effective number of marker loci that can 
discriminate between alternate pedigrees is proportion- 
ally reduced as parents arc increasingly related, Conse- 
quently, inbred lines can be more similar to one or 
more sister or other inbrcds than those inbred* are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there is a priori 
information for at least one of the parents (usually the 
maternal parent). Limited availability of marker loci and 
the lack of very high-throughput genoiypintr systems 
offering inexpensive datapoint costs may have focused 
research on studies that involve relatively few individuals 
and where there is at least some n priori indication of 
parentage- Studies that have Iwen conducted without a 
pnon information on parentage include species where 
reproductive behavior rentiers idciuiric.uinn of die ma- 
ternal patent difficult or impossible. Kvamples include 



tlu.se undertaken on birds that praruee hmud parasit- 
ism (At i jk/rscjn* tt aL 1^99) oi i:\ita-pair copulation 
< Wltton at <xt. 1992) or on species such as the wombat 
that arc difficult to ohseivc* in rhe wild (Tavi.or rt ni 
1997). 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree, First, molecular marker 
technologies are rapidly developing and will allow nu- 
merous loci to bo typed for thousands of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within the plant and animal kingdoms including individ- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is to describe and evaluate 
a methodology thai can be used to quantify the probabil- 
ity of parentage of hybrid genotypes. We focus on par* 
cutage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, pseudo- 
non-Mendeltan inheritance (apparent exclusions) due 
to residua] heterozygosity in parental seed sources, miss- 
ing data, and laboratory error. The methodology has a 
number of advantages: (i) It can accommodate large 
datasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by > 100 marker loci) . (U) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and (iv) it can successfully discriminate 
between many highly related and genetically similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize (Zra mays 
L.) hybrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together with thcir.parental 
and grandparental genotypes included among a total 
of 586 inbred lines. The methodology is applicable to 
the investigation of parentage for all progeny developed 
from parental mating without subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm: Consider an index hybrid whose parentage is 
unknown or in dispute. Inbreds in an available database arc 
possible ancestors of the hybrid. The objective is to find the 
probabilities of closest ancestry for each inbred on the basis 
oT information fro in SSRs from the i title x. hvbrid and the 
irihrrcii. There is no reason to trit" thr database hv removing 
inbreds thought to be unrein ted to rhv index hybrid because 
i heir I act of relationship \vitl be discovered. 

CciuMdcr .i pair of possible anresiois. inbred / mid inbred 
j. Their is nothing special alxmt ihi* p:n m iliar pair as all 
piiirx will He treated similarlv. The prof ess iiuoKes calculating 
ilu pn.hiihility that inbreds* 'and j are in ih« hvhrid's ancestry, 
repeating this for all pairs or' inbreds m 'be cbuibiise. 
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The basis ut ilu- ar-tiruhiu is B.ncs' rule {^.. ES>.kk\ I'.jiM. 
l*) 4 -)t>). Lit Pi i. yiSSkflf Nt;iud tor (hr (poMerion [jmhalnlin 
ihmiaudji'arc^nt.fsiursuniie ilKlc\ hybrid given the mlurmii- 
tion from the various SSRx Let P{/.y> stand for the unrondi- 
tional (or piion probability oF the same event. FinalK, 
p(SSRsli. /') is the probability of observing The vacuus SSK 
results if m fact t and / am ancestors. Bayes' rule says 

^</,;lS5Rs) = /TSSRsli. /) * PC/. /)/£[P(S3Rsl it. vj X P(tt, f>l. 

where the sum in the denominator is over -all pairs oF inbred*, 
indexed bv unnd v. PfSSRslr. j) * rV*;) is one of the terms 
in the denominar.cn-. (To compute che denominator in the 
above expression, fix. a particular order to the inbred* in the 
database and take u < cm expressions involving the pair (u, 
v). Jf there arc 536 inbreds. For example, then the number 
of pairs and the number of terms in the denominator is 
586(587)/2 = 171,991.) Inbrcds i and j may be parents or 
grandparents or other types of relations or bear no relation- 
ship at all to the hybrid- If there arc more than two ancestors 
in the database, such as both parents and all four grandpar- 
ents* then che possible pairs involving these ancestors will 
generally have che highest posterior probabilities. If the hy- 
brids true parents are in the database, then as a pair they will 
typically have the highest overall posterior probability. If both 
i and /happen to be related to one particular parent of the 
hybrid, then as a pair their posterior probability will be low 
because they will not usually account for many of the alleles 
that are contributed by the other parent of the hybrid. 

We will make the "no-prior-in formation" assumption that 
P{u, v) is the same for all pairs (u, v). This implies that this 
factor is cancelled from both numerator and denominator in 
che above expression, giving: 

P{i, j\SSm = P(SSRslt;)/2^SSRsl«, v). 

The problem is then to calculate a typical P(SSRsl .Assume 
inbrcds t and ; are both ancestors. We calculate the probability 
of observing the resulting hybrid under this assumption. Wc 
make no assumptions about relationships among che various 
inbrcds. Other possible ancestors will be considered implicitly 
in the calculation by allowing their alteles to be introduced 
through breedings with / and / However, the nature of such 
breedings is riot specified. Suppose inbred fs alleles are (a, 
b). Each descendant of inbred i receives one of these two 
alleles or noc. An immediate descendant receives one with 
probability 1 (barring mutations). A second generation de- 
scendant receives one of them with probability 0.3. And so 
on. Since degree of ancestry* (if any) is unknown, we label the 
actual probability of passing on one of these alleles to be P. 
Similarly, an allele from inbred j has been passed down to the 
hybrid or not. and the probability of the former is P. In che 
following. Pwill be taken to equal 0.50, although wc will also 
consider P = 0.99 in some of the calculations. 

■Assuming P ~ 0.50 is consistent with the closest ancestors 
in the database being grandparents. However, we arc not 
interested in grandparents pir se. If the closest ancestor* in 
the database were parents* then as indicated above P should 
equal 1 (ignoring mutations and laboratory errors). Our pi> 
marv concern is when the parent* are noc in che database. In 
this case Pis no greater than 0.50. Assuming P = 0-50 is robust 
over the middle range of possible values of P. One way in 
which it is robusr is it" there may be mutations and laboratory 
errors, in which case P would have to be < I- Taking P to 
equal 0. 30 levies little penakv agnin.u n particular pair in which 
there is an apparent exclusion from direct pareiunae. There- 
fore taking P to be <1 means that if the true parents are in 
the database then thev will not be ruled out if there huppi-n 
to be mnrations and labor Jtmv rrvoi-s. And ifrhe r lowest am c*v 
tors in the database arc more remou* ihan t^raiidpari'nu. du-> 



sr. 

:irt- hkrh to be ideutirird beiaiiM- thw will umi;iIK have iht- 
tewcsi mismatches ul" the lint's rotividrt eel. 

When i and j arc ancestors the a- are four possibilities (I > 
The alleles of both inbrcds i and / were passed to the hybrid, 
mbred / came through but nor. inbred /, (3) inbred j 
came rh rough but nor inbred i. and ( It neither inbred came 
through. Assuming independence, these have respective prob- 
abilities P\ P(l - P). «L " tt. (t - P) : . In the case P - 
0.30. all oF these probabilities equal 0.25- 

An instance of the law oF tout probability (See. a.J, Bkrkv 
1906) is that the probability of observing a hybrid's alleles is 
the average of the conditional probability of this event given 
the above four cases, The simplest of the four cases is the 
first possibility: .Assuming the hybrid's alleles are passed down 
directly from both inbreds, the probability of observing the 
hvbrid's genotype is either 1 or 0 depending on whether che 
hybrid shares both inbreds' alleles. (It is especially easy when 
both inbreds are homozygous.) The other three cases require 
an assumption regarding the possibility that an inbred s allele 
is not pawed to the hybrid but is interrupted by a mutation, 
a laboratory error, or intervening breeding. We regard such 
an allele as being selected from all known -alleles with probabil- 
ity 1/ (number of alleles), where the number of alleles is the 
total number of alleles known to exist at the Incus in question. 
An alternative approach would be to use the allelic propor- 
tions that are present in the database (or in another database). 
However, the lines in the database may not be randomly se- 
lected From any population. For example, a line that has been 
highly used in breeding would have many derivative lines in 
the database, in which case the frequencies of its alleles will 
be artificially inflated. Assuming equal probabilities for the 
various alleles at a given locus is robust in the sense chac it is 
not affected by adding and dropping lines from the database. 

There are many cases to consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosity of the hybrid and the inbrcds. and allowing for the 
possibility of missing alleles or "extra alleles 7 in the assessment 
of the hybrid and inbred genotypes- These possibilities are 
too numerous to list- Instead we gn-c three simple examples. 
All the examples have homozygous inbreds, the most common 
case And each of the three hybrids has two alleles, again the 
most common case. Wc suppose chac the measured alleles for 
three SSRs and a particular trio of hybrid and ancestor Inbreds 
are a* we have indicated in Tabic I . 

For SSR I there arc three known alleles, one in addition 
to alleles a and b that are listed For the three lines (hvbrid, 
inbred i, and inbred j) in Table 1. For SSR 2 and SSR 3 
there are nvo known alleles in addition to those listed- The 
calculations in the right half of Table I will now be explained- 
Implicit in calculating P(S5RU j) is the assumption— required 
in both the numerator and denominator of Baycs* rule — that 
inbreds i and j arc ancestors of the hybrid. Consider SSR I. 
In case 1 above, both ancestor' alleles (as measured by the 
laboratory process) are assumed to pass to the index hybrid, 
and so in this case the hybrid is necessarily ab. The probability 
of observing the actual hybrid's genotype is I for case I, as 
shown in Table 1. In case 2, we assume that inbred is allele 
passes to the hvbrid but inbred /s does not. Indeed, die hybrid 
has an /i allele. The probability of observing a b as the other 
allele is I/(number of allclejO = 1/3. as shown in Table I. 
Case 3 is similar, in case 4, neither ancestor allele is passed 
to the hybrid; Lhe probability of observing the hybrirt'sjjeno- 
rvpe tor ' am heterozygous gcnon,pe) is 2(1/3)0/3) = 2/9. 
Since P~ 0-50. the overall (unconditional) probability ill the 
rightmost column (l7/3l>) is the simple average nf rhe fo in- 
cases, as inrUi.ncecl in Tabic 1. 

For S&R ii and SSR 3 the calculations are similar. For SSR 
l J rhere is «tnne evidence against pair ( /. ,0 beim* ancestor*. 
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Prohabilitv of observing a hybrid s alleles using three sample SSRs and four possible combinations (cases) 
of alleles passed, assuming that inbreds i and; are ancestor* of the hybrid 
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but it is not conclusive. For SSR 3 there is even less evidence 
favoring pair h would not take many $SRs with evidence 
similar to that for SSR 3 to essentially rule put this pair- 
provided that other pairs are not similarly inconsistent. 

To find the overall PfSSRsli, j), multiply the individual 
f\$SR\i,j) over the various SSRs.. There are purely compufu- 
tionn! issues to address. Each P[S$R\i t j) is a number between 
0 and 1. When there arc a great many SSRs, the product of 
these numbers will be van ishinglv small. To lessen problems 
with computational underflow, for each SSR we multiply 
f*($$RJu, v) by che same constant for each pair (u t v); the 
inverse of the largest possible such probability. For example, 
since 17/36 is the largest probability for a heterozygous hybrid 
at an SSR having three alleles (as is the case for SSR 1 in 
Table I), we multiply all factors ^SSR/lw, v) by 36/17. To 
eliminate remaining problem* with underflow, we do calcula- 
tions using logarithm* (adding Instead of multiplying) and 
take andlogs at the end- 

The probability P(SSRIii, v) is calculated for all (u, v) pairs 
and summed over all possible pairings in the database, includ- 
ing that for the inhred pair under consideration: (i. j). Thus 
gives the denominator in the expression for P{i,j\SSRs). 

To determine the probability that any particular inbred, say 
inbred i is the closest ancestor of the index hybrid, Hum 
A^SSRli, v) over all inbreds v with v =/ i. Call this /*(<lSSR.sK 
The maximum of /tilSSRs) for any inbred i is 1. But since 
there is one closest ancestor on each side of the family, the 
sum of WSSRs) over all inbreds i is 2. If there is a particular 
pair {i, j) for which PUjlS5Rs) is close to \ then both r*(*IS$Rs) 
and PyiSSRs) separately will be close to 1. 

SSR data: DNA was extracted from 54 maize hybrids and 
from 556 maize inbreds. All of the hybrids and most inbreds 
are proprietary product* of Pioneer Hi-Bred International; 
some important publicly bred inbred lines were also included. 
The inbred parents and grandparents of each hybrid were 
included within the set of inbreds- Other inbreds that were 
genocyped include many that arc highly related by pedigree 
to parents and grandparents of the hybrids. The hybrids were 
chosen because each has a pedigree that us known to us and 
eollecu'velv they represent a broad array of diversity of minxc 
gcrmplasrn that is currently grown in the' United States ranging 
from earlv to late mutuiiiv. 

A toral of 195 SSR loci were used in this studv following 
procedures described in Smith W nL ( 1997). bin modified as 
described below. SSR loci were chosen on the biLsis that they 
individuallvhtive been <hou n to huve :i hi^h power of disc i t mt- 
nation among iihii/e inbred line* and eollectivelv they pmvidt- 
for a sampling ol iljvnsnv for eitch chromosome arm. Of du-sr 
SSR luci. the fnlii »v\tni; number* tin p.u eiuhoses) wen* locMrd 
on individual ni-iizr i hi onu monies as follow*; ! (3n>, 2 i'Jli). 

:i i i i joi, .* 1 1 1 » * . ts 7 v6). s (it** 1 - y i.l-^- ^"1 i" 



(14); 17 SSR loci have not yet been mapped. The correlations 
among the loci are unknown and arc irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
other) SSR loci to be assayed are available at website hup:// 
wwv.agron.missour1.edu. Al! primers were designed to anneal 
and amplify under t\ single set of conditions for PCR in 10-nl 
reactions. Genomic DNA (10 ng) was amplified in 1.3 mM 
MfrCI»» 50 mM KCl. 10 mM Tris-Cl (pH 8.3) using 0.3 units 
AmpliTaq Gold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was fluorcs- 
cently labeled) at 0.17 u,m and 0.2 mM dNTPs. This mixture 
was incubated at 95° for 10 min (hot start); amplified using 
45 cycles of denaruration at 95° for 50 sec. annealing at 60° 
for 50 sec. extension at 72° for 35 sec; and then terminated 
at 72* for 10 min. A water bath therniocycler manufactured 
at Pioneer Hi-Bred International was used for PCR reactions. 
PCR products were prepared for electrophoresis by diluting 
3 (ja* of each product to a total of 27 jxl using a combination 
of PCR products generated from other loci for that same 
maize genotype (multiplexing) and/or dH20. Dilution of 1.5 
^1 of this mixture to 5 u.1 with" gel loading dye was performed; 
it was then electrophoresed at 1700 V for 1.5 hr on an ABl 
model 377 automated DNA sequencer equipped with G£NE- 
SCAN software v. 3.0 (PE-Applied Biosystcrns, Foster City, CAT. 

PCR products were sized automatically using the "local 
Southern" sizing algorithm (Eldck and South CRN 1987)- 
Aftcr sizing of PCR produces using GeneScan. alleles were 
assigned using Genotvper software (PE-AppUcd Biosystcms). 
Gcnerally, allele assignations for each locus were made on 
the basis of histogram plots consisting of 0.5-bp bins. Breaks 
between the histogram plors of > I bp were generally consid- 
ered to constitute separation between allele bins: however, 
other criteria, ^ch as the presence of the nomemplare- 
directed addition of adenine (+A addition) and naturally 
occurring 1-bp alleles, were used on a marker-by- marker basis 
to define the allele dictionary- AH scores were made 

without knowing the identities of the maize genotypes. 



RESULTS 

Table 2 presents the probability of closest ancestry of 
the top five ranking inbred lines for each of 5 hybrids 
at P = 0.50 (Tuble ±\) and P - 0.09 (Table 2B). Proba- 
biliiics of ancestry are shown for nil 54 hybrids nod the 
top nmkinir inbreds in Figure 1; P - 0.30 (Figure la) 
and P - 0.9^ (Figure lb). Results tor the hybrid* pre- 
sented in Table .ire U alured ut ihe top of Figure \ 
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When the -algorithm used « 0.30. the two correct 
parents were identified as highest in probabilitv for 48 
(8^ CT nl hybrid* [Figure 1 )• For each ofl> hybrids 

SrttOl :>Vin:i. $9 1 4. and on*- purer. t 

ranked in the top two places- The other parciu was 
supplanted cither by a A>acr inbred or in- ;ui inbred that 



was a direct progeny of lhat parent. Overall. 102 ( l >4 c 'l> 
of 103 parental mhreds were correctly identified. For 
hybrids where hod* parents ranked first or set -mid. die 
ran^ot'pi-ohabiliries tor parental lines that ranked hr-u 
from anions all other inbred* ranged from I.U0OU to 
O.iiy^T; parental lines ranking' second ranged trom 
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I.OuoO iu O.W>~).i. for 3"> livbrick both parent had piul>- 
abiluic* ofanLOlry m excess of 0.99'J. rtobahilii ks u: 
anfestn' tV>f nonpatents th;it ranked in fust or second 
pUicc* wcrt: from 0.91)91) to 0.7054. For the majority, ot 
KvhricU. the probability of the third mid hi^hcM ranked 
nonparental inbred was at or below E-06. This indicates 
that there is usuullv very little uncertainly about closes! 
ancestors- 

When the algorithm used P - 0.99 to examine each 
of the 54 hybrids, both parents were correc tly identified 
for 52 (9fi%) of hybrids and for 98% (102/104) of the 
parents across all hybrids (Figure l).Two hybrids (-5914 
and X0913AK in which one parent was not ranked in 
the top two, were also in the subset not ranked in the 
top two naming P - 0-50 (above). In both cases their 
rank* improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of the corresponding parental line. For 49 hy- 
brids, both parents had probabilities of ancestry in ex- 
cess of 0.999. Among the 5 hybrids having a parent 
ranking second with a probability of ancestry below 
0.999, the lowest of these probabilities was Q.8976 and 
the highest probability for a third ranking nonparcnt 
was 0-1023. For most hybrids the probability for the 
third and highest ranked nonparental inbred was at or 
below E-10. 

Tabic 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increase programs but is possible because ^3-3% of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per locus 
can be scored when DNA is extracted from a bulk of 
individual plants and because inbred parents are not 
homozygous due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hvbrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choke of two alleles per 
locus. Consequently, standard errors in the case of ana- 
lyzing data from 195 loci tend to be very small because 
there were few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored for more 
than two alleles. 

Marshall dal. { 1998) have drawn attention to errors 
that can he encountered in genotyping surveys. These 
errors include missing data, null alleles, and typing er- 
ror*. Wtr therefore investigated the robustness of the 
algorithm bv examining the effects of modiheations in 
ihv data for rive hvhriri> (3417. 3525. 33:>iv and 



Wh. First, we recUu i d the number of SliRs used, from 
the full ict of 195 U> I'.'U and then to 50 (Table 2). L'se 
of 50 loci generated incorrect ranking of one parent 
for each of iwo hvbmU (..'Ml 7 and 3940) and for both 
parents of one hybrid '3903). All of these most highly 
ranked nonparental inbreds were closely related to the 
true parents for each of the respective hybrids; six differ- 
ent inbred lines were involved. Four were direct progeny 
of the true parents (one with additional backcrosses 
from the true parent) and two were full sisters (from a 
cross of highly related inbreds) of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 3905. All' four nonparents 
were closely related to the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossmg to that parent) and 
one was a full sister of the true parent. Use of data from 
all 195 loci corrected the placement for one of the 
parents of hybrid 3905. Two inbreds that were not par- 
ents of this hybrid remained ranked more highly than 
one of the true parents. Both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences of laboratory and other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminating 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly). We also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a summary of the results of making these 
modifications in the data. For all modifications wc used 
data from all SSR loci and wc also randomly chose SSR 
loci to create subsets of 50 and 100 loci. In each case, 
the program was am 20 times for each hybrid/set of 
loci- When all 193 loci were examined, replications dif- 
fered only according to the particular choice of alleles 
for loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, wc simulated individual and combined 
categories of these data in die hybrid and all inbred 
lines ai levels of 2. 5. 10. and 2!>% of the alleles for each 
of five hybrids and all inbreds beyond the level of error 
as originally scored by the laboratory. We examined the 
effects of these levels and types of error for three sizes 
of database: 50 loci, 100 loci, and alt 193 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: 3417. 3525. 3336. 3903 , and 3940. One of these 
livhiids ($905) was chosen hccan.se one of its parents 
did not rank among the top two places even when the 
complete and unmodified ri.n.i fioin all SSR loci were 
used. 

Example^ of ruhu.si.ncSN in :h<. lace of additional error 
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[in l:v. hvbiids using subsets nt'fili .ukI 100 loci and .ill 
lot i ll 1 l." shown in Table l'» uiit.'ir i mini if is of parents 
ranking into the top two places are presented. Degrada- 
tion in the preferential ranking ot parent inbreds at a 
of 2.Vr?; additional missing r t: i r: i v\n^ shown for one 
hvbrid (3323) with usage ot" 50. 100, or alt SSR loci. 
I )t -gradation in the preferential ranking of parent in* 
bred* at a level of 23% additional misscored data was 
shown for hvbrid 3556- When both additional levels of 
missing and misscored data were simulated, degradation 
in the ability to preferentially rank inbred parents oc- 
curred for all hybrids and for all *ets of SSR {50, 100, 
and 195 loci) except for hybrid 3417 when data from 
195 SSR loci were used- Over all five hybrids, use of 100 
loci improved robustness from the use of 50 loci; use 
ot 195 loci further improved robustness for four hybrids 
(S417, 3525, 3905. and 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

We also ranked inbreds according to their probability 
of ancestry of hybrids when both parents and all inbred 
derivatives and fdl-sister inbreds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The results are too voluminous to present here 
but can be summarized as follows: Using P = 0.50, a 
grandparent of each respective hybrid ranked into first 
place for 41 (76%) hybrids; probabilities ranged from 
0.4976 to 1.0 and most were above 0.9999. Other classes 
of inbreds that ranked in first position for probabilicy 
of ancestry were inbreds derived directly by pedigree 
from a grandparent of the respective hybrid (DGP) for 
1*5% of hybrids, inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DGCP) for 9% of hybrids, and one class (2% of hy- 
brids) with an inbred ranked into first place that was 
directly related by pedigree to the great-great-grandpar- 
ent of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parents of the hybrid 
as follow?: Thirty-one (57% of hybrids J were a grandpar- 
ent of the respective hybrid, 11 (20%) were classed as 
DGP, 7 (13%) were DGGP, 1 (2%) was class DGGGP. 
and 4 (7%) were a great-grandparent (GGP) of the 
respective hybrid- Over all hybrids, two of the four 
grandparents ranked into first and second posidons for 
23 (43% of hybrids); three grandparents ranked into 
the first three positions for 5 of hybrids). There 
were no instances where all four grand parents ranked 
into the first four positions. Thirrv hybrids had a grand- 
parent ranked into first position using P — 0.99. The 
number of grandparents ranked into the top five posi- 
tions wa> 9S (compared to 108 whrn P = 0.50). The 
number ot" grandparent* racking into the top two posi- 
tions was 55 (compared to 71 when P - 0.50). The 
mean probability of a grandp:ut ni thai ranked into the 
hi st two positions was 0 U2£S (Sl> - 0.1 fi 4) when P = 
(LTiO and 0.99SO (SO = 0.0104) when P A 



DISCUSSION 

Thr prevalent u.se of paternity indices demonstrates 
that it i> advantageous to have explicit probabilities of 
ance^iA to distinguish among different pedigrees. Mo- 
IlxuIlu marker profiles arc rapidly becoming niutv ex- 
tensive ar.d cost effective to generate. Features that would 
advance the -jiauStical analysis of molecular marker data 
to provide explicit probabilities of ancestry include the 
ability to calculate probabilities of ancestry where there 
is no a pn on information as to the identity of one (usually 
the maternal) parent and robustness in the face of labo- 
ratory error. 

Maize inbred lines and hybrids provide a very exacting 
set of materials for evaluating the discriminatory abilities 
of molecular data and statistical procedures that are 
employed to interpret those data. Hundreds of make 
inbred lines of known pedigree together encompass a 
great diversity and complexity of pedigree relationships. 
Some inbred lines ran be very highly related and geneti- 
cally similar due to their derivation from common par- 
entage including from parents that are themselves highly 
related. Consequently, relationship categories such as 
"sister" or "parent" when applied to maize inbreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of germptasm and molecular marker profile simi- 
larity than those of the equival entry named classes of 
relationship for animal species. Most maize hybrids that 
are widely used in the United States today are con- 
structed from pairs of inbred lines that are unrelated 
by pedigree, each inbred parent having been bred from 
a separate "pool" of germplasm. Various degrees of relat- 
ed n ess are possible between hybrids according to the 
pedigree relationships among their constituent inbred 
parents- 

Using P = 0.99 in the algorithm is more specific for 
identifying parents than using P = 0.50. However. P — 
0.99 is less robust for identifying other relatives, such 
as grandparents. When the algorithm was am at P ™ 
0.30 there were 6 hybrids for which one parent did not 
rank among the top two most probable genotypes. For 
the remaining 48 hybrids the correct parents were iden- 
tified even in circumstances where Other candidate in- 
breds included not only full-sister lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid. For each of 
the b hybrids where a no n parent ranked above a true 
parent, thai higher ranked inbred was always either a 
sister or progeny of the outranked true parent. The 
range of pedigree relationships as expressed by the 
Malecot coefficient of relatedness (Malkoov 1948) thai 
was encompassed by pairs of true parents and more 
highlv ranked inbred relatives of the true parents was 
from ro i».v>n*0. A coefficient of 0.S:W> appro*i- 

matCN a rciatioiiNlnp between inbred A and A' where 
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inbred A' has hern bred f:um a cto^ ol inbreds A and 
B with t)L'tu'LLii (jut.* and tuti additional I >a<_ Jvc ros.se* of 
the parental inbred A. A Malecot coefficient of relation- 
ship of O.WiHO closeh approximates a relationship be- 
tween inbreds A and A" where four additional batk- 
erosses of parental iiibrtrcl A follow die- initial cross of 
in)) reds A and B. 

Running the algoruhm at y = 0.99 in comparison to 
P- 0.50 raises the probability of ancestry for the parent 
while diminishing che probabilities for the third and 
lower ranking candidate inbred lines. U*e of the algo- 
rithm at P = 0-99 increased both die percentage of 
hybrids with both parents ranked in the first cwo posi- 
tions (from 89 to 96%) and the percentage of parental 
inbreds that were ranked first and second (from 94 to 
98%). Two hybrids (3914 and X0915A) did not have 
bodi parenLs ranked first and second when the algo- 
rithm was run at P = 0.99. For both oF these hvbrids 
the nonparental inbred that outranked the true parent 
was itself a produce by pedigree from the true parent 
that had been created by an additional four backcrossrs 
of that parent; the MaJOcot coefficient of relationship 
between the parent of the hybrid and the inbred that 
outranked that parent for these rwo hybrids was 0,9636. 

Robustness was tested by evaluating the effects of us- 
ing data from different numbers of loci and by simulat- 
ing additional levels of missing and misscored data up 
to combined levels of 25% error beyond that which was 
provided by the laboratory. From our experience, error 
rates of 5 to 10% can occur in SSR profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity among seed lots and by deficiencies in the scoring 
of he tero zygotes in hybrids. The additional levels of 
simulated error, therefore, include values (up to ^33% 
total error) that are well outside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 50 to 100 (with no additional missing or 
misscored data) did reduce the number of instances 
where inbreds that were not parents of a hybrid out- 
ranked the true parent from four to one. Nonetheless, 
all of these more highly ranked inbreds, although they 
were not themselves the true parents of the respective 
hybrid, were either direct progeny or full sisters of the 
true parent (Table 2). Consequently, if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that are identified as parents of hybrids, then SSR data 
from 50 loci of equivalent discrimination ability are 
sufficient. Use of data from 50 loci also evidenced ro- 
bustness in the face of up to 10% additional levels of 
cither missing or misscored data; no degradation in the 
ability to identify a parent was apparent up to the level of 
10% additional error except tor 10S< additional missing 
and misscored alleles for one hybrid (3323: Table 3). 
However, use of 1 00 h>ci increased the proportion of 
true parents that were correctly identified from 
(for 51) Inci) to 7\'~r (mean correct parents over all 



ii im r. t \\ i 14 SS|i fvj;; 

levels of error; Table 3). Use of data from iy~> loci 
provided .^ru-atei- n.->iheney against additional le\eN uf 
error. However, use of data Horn 193 loci was unable to 
provide resiliency against the negative effects of adding 
combined levels (\W>5%) of both missing and misscored 
data fl able 3>_ At the 25% level of additional poor data 
integrity, inbreds that were not related to the true parent 
of the hybrid outranked the irue parent for four of the 
five hybrids. Levels of missing or misscored data should, 
therefore, be kept below 15-20% (assuming a level of 
5-10% error in the data we analyzed prior to simulating 
additional error). 

We have previously examined the pedigrees Of in- 
breds that are ranked into the first two positions when 
the true parents are removed from the list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the true parents then rank most highly (data not pre- 
sented). We therefore examined the rankings of inbreds 
with respect to their rankingaud probability of inclusion 
in the ancestry of each hybrid after the removal, not 
only of the true parents, but also of the progeny of the 
true parents and any full sisters of the true parents. In 
these circumstances the grandparent* of the hybrids are 
ranked predominantly into top positions, Using P — 
0.50, a grandparent ranked into first position for 76% 
hybrids and into second position for 57% hybrids; with 
P = 0.99 a grandparent ranked into first place in 56% 
of hybrids. At P = 0.30 rwo grandparents ranked into 
first and second positions for 43% hybrids and into the 
first three positions for an additional 9% hybrids. Most 
of the remaining inbreds that ranked into the top rwo 
positions were progeny of the grandparent. A total of 
103 grandparents ranked into the top five positions 
when P = 0-30; 93 ranked into these positions when P - 
0.99. Seventy-one grandparents ranked into the top two 
positions when P = 0.50; 55 grandparents ranked into 
these positions when P = 0.99. The mean probability 
of a grandparent in the top two positions was 0-9533 
(SO 0.1454) when P = 0.50 and 0.9980 (SD 0.0104) 
when p = 0.99. Our algorithm was written to identify 
pairs of ancestors; alternative algorithms could be tai- 
lored to identify all grandparents once parents had been 
identified and removed from the list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to show probability of 
parentage in circumstances where the a priori pedigree 
identity oF neither pa rent is known. Exclusions are taken 
into account, thereby allowing parentage to be shown 
even when the two parents are not represented in the 
database of molecular profiles that are examined- Het- 
erozygous candidate parents can be accommodated. 
The number of loci that is necessary to provide a reliable 
basis of determining pedigree is dependent upon the 
degree of relatedness among parents and nonpareiiis 
and upon the di^enmi natoiv ability of the marker system 
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in tilt.* Npi.-tics of mu-rcsr I'sinir p = (>t>t) compared ru 
P = l).f»0 p'-d'fiL-iuL.iHv iclcm.il led tm»re true puicnLs ;m<l 
with a gi'cuicr cliflcrcnctr of probability to third placed 
noupAE'eilL*. If da-re is r^usi iissuninct- that the 

parents arc iimon^ the candidate list of inbrcds, then 
P = U.yy should he used; i\ greater robustness is re- 
quired, then P = 0.50 should be used. 

Applications of our algorithm include thtr idL-ndfica- 
tiun of pedigrees among Individual* of plant or animal 
species where molecular profile d&tasets exist that can 
be interpreted in terms of segregating alleles at individ- 
ual marker loci and that provide a sufficient power of 
discrimination. Capabilities to generate large data-sets 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assist in the protection of intellectual 
property that b obtained on plant varieties or upon 
specific dams or sires of animals through the determina- 
tion of pedigrees. 
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What is an "Essentially Derived Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fifi the gap between Riant Breeder's Rights and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominantly derived 
from a protected initial variety, white retaining the essential characteristics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somaclonal variant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, it favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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Article 12 
pagination Of the App lication 



il A*Y decision to giant a breeder's right -hall require an examination for" 
compliance with the condition! under Articles S to 9* In the 'course of the 
examination, the Authority nay grow the variety or carry our other necessary 
teste, cause the growing of the variety or the carrying out of other necessary 
testa, or take into account the result* o£ growing teats or other trials which 
nave already been carried out. For the purposes of examination, the authority* 
■*y require the breeder to fucniBh all the necessary infiormatign, documents or 
material. 



Article 13 
Provisional Protection 

Bach Contracting Party shall provide measure* designed to safeguard the 
interests of the breeder during the period between the filing or the publica- 
tion of the application for the grant of a breeder's right and the grant of 
that .right. Such measure* shall have the effect that the holder of a breeder's 
eight shall at least be entitled to equitable remuneration from any person who, 
during the said period, has carried out acts which, once the right is granted, 
require the breeder's authorization as provided in Article 14. A Contracting 
Party «sy provide that the said aeaaurei shall only take effect in relation to 
persons whom the breeder has notified of the filing of the application. 



THE RIQ3TS OF BBS BRKBDBK 

Article 14 
Scope of the Breeder's Right 

< x > (Acta in respect of the propaga ting material ] (a) Subject to Artlclee 15 
and 1$, the following acts in respect o£ the propagating material of the pro- 
tected variety shall require the authorization of the breeder; 
(1) production or reproduction (multiplication), 
(ii) conditioning for the purpose of propagation, 
C HI ) offering for sale, 
(lv) selling or other marketing, 

(v) exporting, 
(vi) importing, 

(vii) stocking for any of the purposes mentioned in (i) to (vi), above* 

(b) The breeder may make hi« authorization subject to conditions and 
limitations. 

< z > [Acts in respect of the harvested mater ial l Subject to Articled 15 
■"^^i,*** acts referred to in item* (i) to (vii) of paragraph (l)(a) in 
respect of harvested material/ including entire plants and parts of plants, 
obtained through the unauthorized use of propagating material of the protected 
variety shall require the avtnorizatioo Of the breeder, unless the breeder has 
had reasonable opportunity to exercise his right In relation to the said 
propagating material* 

1991, Act of the Convention p 49e 7 
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of paragraph (l) (a j in r«.pe<,t „f prc^E .J-? « , f "° (i > t<S (vll > 

rl-1 of th. protected variety f "llSJrwtiiMs "'"V* »»»"«"«° "te 

through th. authorize* «• o« t^ii^^A'a^^ 1 . 0 ^ " <*> 
juthari^ion e £ th, br.ed.r, „„ U .. £ h?, th«- 

{5) t gs »«ntiall v derived and c.rtaln ath.r varieties! t„ 

Paragr aphs (i) to «, shall ai 80 Apply ln ^l«?lon4r 1 ' * he pr °* isl °" «* 

™"i;,.""* u " wi ~" u. „„«„.„ „„. „ ( tb . „„ km 

(1) it is predominantly derived from the inuui . 

th* expression of th. ..serial C harac£rUt ics thl! - i ! WhU< ret * inin 9 
or co-bination of 3enotype6 of the i"ti"l ' Ult th * 9 * n0t «- 

(lij It is cle „ ly di 8tlnguI , hjlble t«m th. initial variety and 

ti« that r.sult J l0B th. «notvL or Si 1? « h ' eB '« ti - 1 ^«cteri»- 
mltty. 9««otyp« or cwfcWlon of genotype, of the initial 

(c) Essentially derived varieties uv b* ow.in.^ < 
tior, of . natural or Induced .uta^ « of » £ " *Y the «el*e~ 

transforation by genetic ergineerln*. Mri.ty, baekcrosaing, 0l 

Art id. 15 
tttogptiooa to the B reeder -a Hi^ t- 

U) (Cg ypul.or Y .xceptlons j The breeder'. right shall not extend to 
UJ act. done privately and for non-comerclal purposes, 
(") act* done for experimental purposes and 

to hi m rW~t ,| SSitSS" " et8 * in "<i> 
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